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$N$- $q(t)arrow q(t)+\delta q$
$u=\dot{q}$ $u(t)arrow u(t)+\delta u,$ $\delta u=dq/dt$
Lagrange
$\delta q$ Lagrange $\xi$ $\delta u$
$\ovalbox{\tt\small REJECT} Lin$
$\delta u=\frac{\partial\xi}{\partial t}+(u\cdot\nabla)\xi-(\xi\cdot\nabla)u(=(\partial_{t}+L_{u})\xi)$ (1)
MHD :
$\frac{\partial B}{\partial t}=\nabla\cross(u\cross B)$ . (2)
2 $B=B_{1}dx^{2}\wedge dx^{3}+B_{2}dx^{3}\wedge dx^{1}+B_{3}dx^{1}\wedge dx^{2}$
$u=u^{1}\partial_{1}+u^{2}\ +u^{3}\partial_{3}$ Lie $L_{*\iota}$ $(\partial_{t}+L_{u})B=0$
2
$\xi$
$\delta B=\nabla\cross(\xi\cross B)(=-L_{\xi}B)$ (3)
Lie
MHD :
$S=$ $\frac{1}{2}\int^{f}dt\int_{M}d^{3}\vec{x}(|u|^{2}-|b|^{2})$ , (4)
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$i,f$ $M$
$M$ $\vec{x}arrow\vec{x}+\delta\xi(\vec{x})$
$( \delta u, \delta b)=((\frac{\partial}{\partial t}+L_{u})\xi,$ $-L_{\xi}b)=( \frac{\partial\xi}{\partial t}+(u\cdot\nabla)\xi-(\xi\cdot\nabla)u,$ $\nabla\cross(\xi\cross b))$
:
$\delta S=\int^{f}dt\int_{M}d^{3}\tilde{x}[u\cdot(\frac{\partial\xi}{\partial t}+(u\cdot\nabla)\xi-(\xi\cdot\nabla)u)-b\cdot\nabla\cross(\xi\cross b)]$
$=$ $\int^{f}dt\int_{M}d^{3}\vec{x}[\xi\cdot(-\frac{\partial u}{\partial t}-(u\cdot\nabla)u-\frac{1}{2}\nabla|u|^{2}+(\nabla\cross b)\cross b)]$ , (5)
:
$\frac{\partial u}{\partial t}+((u\cdot\nabla)u)_{S}=((\nabla xb)\cross b)_{S}$, (6)
$(*)_{S}$ $(*)_{S}$
:
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla P+(\nabla\cross b)\cross b$ , (7)
$P( \vec{x})=\frac{1}{4\pi}\int\frac{\nabla\cdot((u\cdot\nabla)u+b\cross(\nabla xb))_{y}\sim}{1\vec{x}-y\neg}d^{3}\vec{y}$. (8)
2
MHD





$\int u_{j}\cdot((\nabla\cross b_{k})\cross b)d\vec{x}+\int b_{k}\cdot(\nabla\cross(u_{j}\cross b))d\vec{x}=0$ for $\forall j,$ $k$ (10)
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Figure 1:
Alexakis et a1.[3] 2
$\int b_{k}\cdot((b\cdot\nabla)u_{j})d\tilde{x}+\int u_{j}\cdot((b\cdot\nabla)b_{k})d\vec{x}=0$ (11)
$\int b_{k}\cdot((u_{j}\cdot\nabla)b)d\vec{x}+\int(u_{j})_{\alpha}(b)_{\beta}\frac{\partial(b_{k})_{\beta}}{\partial x^{\alpha}}d\tilde{x}=0$ (12)
2
MHD
( $256^{3}$ ) ( 2/3 ) Runge-Kutta-
GiU $=$ $1/R=1/R_{m}=1\cross 10^{-4}$ .
$B_{0}=(0,0,1)$
Figure 2
$t=0.38$ Figure 3 $t=0.38$
/





Figure 2: ; : :
Figure 3: $(t=0.38)$ ( ) /
( ) :
: $||\nabla xu_{j}||/||u_{j}||$ ,







$\frac{1}{2}\frac{d}{dt}\langle u|u\rangle=\langle u|(\nabla\cross b)\cross b\rangle+\frac{1}{R}\langle u|\triangle u\rangle+\langle u|(B_{0}\cdot\nabla)b\rangle$ (13)






$\langle b|\nabla x(u\cross b)\ranglearrow\sum_{j}\langle b_{j}|\nabla x(u\cross b)\rangle$
(15)
$\langle u|(\nabla\cross b)\cross b\ranglearrow\sum_{j}\langle u_{j}|(\nabla\cross b)xb\rangle$ (16)
:
$\frac{1}{2}\frac{d}{dt}$ \langle ujlu\rightarrow =( )+(ujl(\nabla $\cross$ b) $\cross b\rangle$ +( )+(B0 ) (17)
$\frac{1}{\underline 2}$–ddt \langle bj|bj\rangle = \langle bj|\nabla $\cross$ (u $\cross$ b)\rangle +( )+(B0 ) (18)
3 : $\langle a|b\rangle$ $:= \int a\cdot bd\tilde{x}$ .
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Figure 4: : ( ) :






$\langle b_{j}|\nabla x(u\cross b)\ranglearrow\sum_{k}\langle b_{j}|\nabla\cross(u_{k}\cross b)\rangle$ (19)
$\langle u_{k}|(\nabla xb)\cross b\ranglearrow\sum_{j}\langle u_{k}|(\nabla xb_{j})xb\rangle$
(20)
:
$\langle u_{j}|(\nabla\cross b_{k})\cross b\rangle+\langle b_{k}|\nabla\cross(u_{j}\cross b)\rangle=0$ for $\forall j,$ $k$ (21)
:
$\frac{1}{2}$ –ddt(ujluj\rangle =( )+\Sigma l \langle$u_{j}|(\nabla\cross$ bk) $\cross$ b\rangle +( )+(B0 ) (22)
$\frac{1}{2}\frac{d}{dt}(b_{k}|b_{k}\rangle$
$= \sum_{j}$ \langle bk|\nabla $\cross$ (uj $\cross$ b)\rangle +( )+(B0 ) (23)
Figure 5 $\langle b_{k}|\nabla\cross(u_{j}xb)\rangle$ $j,$ $k$
$j=3,4$
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$\langle b_{j}|\nabla\cross(u_{k}\cross b)\ranglearrow\sum_{m}\langle b_{j}|\nabla\cross(u_{k}\cross b_{m})\rangle$ (24)
$\langle u_{k}|(\nabla\cross b_{j})\cross b\ranglearrow\sum_{m}\langle u_{k}|(\nabla\cross b_{j})xb_{m}\rangle$ (25)
:
$\frac{1}{2}\frac{d}{dt}\langle b_{k}|b_{k}\rangle=\sum_{k}\sum_{m}$ \langle $b_{k}|\nabla\cross$ (uj $\cross$ bm)\rangle +( )+(B0 ). (26)




$(m)$ $\lceil_{1}$ $(m-1)$ |
:
$\frac{1}{2}$ –ddt \langle ujluj\rangle =( )+\Sigma $\sum_{m}$ \langle uj|(\nabla $\cross$ bk) $\cross$ bm)+( )+(B0 ) (27)
$\langle u_{j}|(\nabla\cross b_{k})\cross b_{m}\rangle+\langle b_{k}|\nabla\cross(u_{j}\cross b_{m})\rangle=0$ for $\forall j,$ $k$ (28)
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Figure 6: $\langle b_{k}|\nabla\cross(u_{j}\cross b_{m})\rangle$ $j,$ $m$ : : $k=3$ ,
: $k=4$ , : $k=5$ , : $k=6$ .
Figure 6 $\langle b_{k}|\nabla\cross(u_{j}\cross b_{m})\rangle$
Figure 7 $u_{j}$ by-mode $b_{m}$
$m=2,3$ from-mode $b_{k}$ $k=j-1$
3.5
$\frac{1}{2}\frac{d}{dt}\langle b_{kl}\{b_{kl}rightarrow\rangle=\sum_{k,\overline{l}}$
(b$\sqrt{}$ \nabla $\cross$ (u $\cross$ b)\rangle +( )+(B0 ) (29)
Figure scale location $( \frac{1}{2}\langle b_{kl}\{b_{k\overline{l}}\rangle, \langle b_{k\overline{l}}|\nabla\cross(uxb)\rangle)$
$\frac{1}{2}\langle b_{J\overline{l}}|b_{jl}arrow\rangle$ $|\langle b_{j\downarrow}\{\nabla\cross(uxb)\rangle|$
1
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Figure 7: $\langle u_{j}|(\nabla\cross b_{k})\cross b_{m}\rangle$ $k,$ $m$ :
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Figure 8: $\frac{1}{2}\langle b_{jl}${b $|\langle b_{Jl}\{\nabla\cross(uxb)\rangle|$
: $j=4$ . : $j=5$ .
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